5 to 8 in every 1000 live born babies have a cardiovascular malformation which presents in infancy, but most are asymptomatic at birth. The diagnosis is established only in 50% of cases by 1 month of age. (2) The auscultation of the heart during routine examination before discharge from the hospital provides an opportunity for early diagnosis of congenital heart disease. Despite this recommendation, routine auscultation has not been subjected to prospective evaluation. The difficulties in detecting heart disease at neonatal examination are well known. (3) The neonatal examination takes place at a time of rapid change within the cardiovascular system as part of adaptation to extrauterine life. (4) These changes may produce murmurs, which can be mistaken for heart disease. (5) Similarly, if transitional changes are slow to occur presentation of congenital heart disease may be delayed, e.g. in case of ventricular septal defect which generally presents at the age of 4 to 6 weeks, presentation will be delayed if there is delay in fall of pulmonary pressure. Detection of a murmur depends on the examiner's skill and experience, the timing and frequency of examination and the conditions under which examination takes place. (6) Most reports of the prevalence of neonatal murmurs come from early studies, (7) predating echocardiography which has improved the accuracy of diagnosis of congenital heart disease. There is little in published findings that correlates murmurs during the newborn period with confirmed anatomical diagnosis. There are very few studies done so far in developing countries like India in this field. (8) Until preventive measures become available, reduction of infant mortality due to congenital cardiovascular malformations will continue to depend on early recognition of symptoms and signs of serious heart disease in infants and on effective community-wide use of specialised cardiac services. (9) This prospective study is designed to determine the prevalence and clinical significance of murmurs heard during routine examination of neonates and the contribution of the neonatal examination to detection of congenital heart disease in neonates.
Aims and Objective 1. To determine prevalence of cardiac murmurs during routine neonatal clinical examination. 2. To determine the prevalence of structurally significant heart diseases among all murmurs and classify these diseases.
MATERIALS AND METHODS

Study Design
Cross-sectional study in a tertiary care hospital in metropolitan city.
Subject Selection
Total 977 healthy term newborns were delivered in a tertiary care hospital and those up to 6 weeks of age who come for regular immunisation were enrolled from 01.05.2010 to 01.05.2011 in study after taking informed consent from the parents. Murmurs are caused by turbulent flow within the heart and great vessels. Murmurs not associated with significant haemodynamic abnormality are referred as innocent murmurs. Heart murmurs are defined by six characteristics: Intensity, quality, location, timing, radiation and conduction. The loudness of a murmur reflects the degree of turbulence. This relates to volume and velocity of flow and not the severity of lesion. Loudness is graded as scale of 1 (barely audible with stethoscope) to 6 (audible without application of stethoscope). (10) The location of murmur is described as per areas-Upper left sternal border (ULS), Lower left sternal border (LLS), Mitral area (MA), Pulmonary area (PA) and Aortic area (AA). Murmurs are timed according to the phase of systole or diastole. Systolic murmurs are either ejection systolic, pansystolic or late systolic. Diastolic murmurs are either early diastolic, mid diastolic or presystolic in timing. Continuous murmurs were heard during systole and diastole, uninterrupted by a valve closure.
Subjects in the study were screened for presence of murmur with the use of diaphragm and bell of a paediatric stethoscope. All newborns delivered underwent auscultation twice daily during postnatal ward rounds as a routine examination till the time of discharge, which was 3 days in case of normal delivery and 7 days in case of caesarean section delivery.
Details were recorded in a pre-decided proforma, which included history and examination with investigations in the form of chest x-ray, electrocardiography and echocardiography. Name, age of baby, gestational age at the time of delivery that is either full term or preterm decided by new Ballard score, sex, birth weight measured on electronic weighing scale, order of birth, maternal age, blood group of mother, religion, consanguinity, significant maternal medical and drug history and family history were recorded.
General examination of subjects included heart rate, respiratory rate, peripheral pulses with any discordance between peripheral pulses, NIBP, cyanosis, four limb saturation on and off oxygen using pulse oximeter, signs of congestive cardiac failure, head circumference, dysmorphic features and other congenital anomalies noted.
Cardiovascular system examination is done in detail with reference to heart sounds and nature of second heart sound. Details of murmur type, grade, best heard area, radiation, associated with clicks are recorded along with auscultation of back.
Other systemic examination included respiratory system for breath sounds and adventitious sounds, abdominal examination for liver span and ascites, CNS examination. All the subjects with murmur are subjected to chest x-ray postero-anterior view and standard 12-lead electrocardiographic examination on the same day of detection of murmur before going for echocardiography examination. Electrocardiography analysis is done by senior cardiologist and x-ray reporting is done by senior radiologist. Echocardiography evaluation is done by senior cardiologist in cardiology department using M-mode, colour Doppler, two dimensional using special probe in all those having murmurs in detail using Siemens Vivid 7 echo machine. Various views like subcostal four chamber, subcostal short axis, suprasternal long axis, suprasternal short axis, apical four chamber view, parasternal long axis and parasternal short axis view are used during examination. Structurally significant heart disease is defined as "a gross structural abnormality of the heart or intrathoracic great vessels that is actually or potentially of functional importance." (11) After echocardiography evaluation subjects with murmur are classified into structurally significant heart lesions, structurally insignificant heart lesions and normal echocardiogram findings. Patent foramen ovale (< 3 mm), (12) peripheral pulmonary artery stenosis, (13) small patent ductus arteriosus (< 2 mm) (14) are classified as structurally insignificant heart lesions. Structurally significant heart lesions are further classified into different congenital heart diseases to establish clinical significance of murmurs.
Inclusion Criteria 1. All healthy full term newborns delivered in tertiary care
hospital. 2. All babies up to 6 weeks of age who come for immunisation followup.
Exclusion Criteria 1. Critically ill babies in Neonatal intensive care unit. 2. Preterm neonates and neonates with risk factors for congenital heart disease. 3. Neonates referred from outside and home delivered babies.
RESULTS
977 full term neonates were enrolled in this study who underwent routine clinical examination during the study period. Out of these, 427 (43.7%) were female and 550 (56.3%) were male babies. Out of 977, 38 (3.9%) had significant audible murmur. In this study, 38 (3.9%) newborns out of 977 neonates who underwent clinical examination were found to have murmur. The prevalence of murmurs in routine neonatal clinical examination was found to be 3.9%.
All the 38 cases of murmur were subjected to twodimensional echocardiography. Based on echocardiography diagnosis, cases were divided into Structurally Significant Heart Lesions (SSHL), Structurally Insignificant Heart Lesion (SIHL) and normal; 5 (13%) cases of murmur had normal echocardiography report, 8 (21%) patients had structurally insignificant heart lesion and 25 (66%) cases had structurally significant heart lesion. Prevalence of structurally significant heart lesion was 66%.
Out 38 cases with murmur, 18 (48%) had pansystolic murmur, 17 (44%) had ejection systolic murmur and 3 (8%) had continuous murmur.
Murmur was best heard at pulmonary area and upper left sternal border in 12 cases each, in 10 (26%) cases murmur was best heard at left lower sternal border and in only 4 (10%) cases murmur was best heard at mitral area.
Grade 3 murmur was the most commonly heard murmur during routine neonatal clinical examination. Out of 21 (55%) babies with grade 3 murmur, 14 (67%) had structurally significant heart lesion and 7 (33%) had structurally insignificant heart lesion. Out of 9 (24%) babies with grade 4 murmur, 5 (55%) had structurally significant heart lesion and 4 (45%) had structurally insignificant heart lesion. Out of 5(13%) babies with grade 2 murmur, 3 (60%) had structurally significant heart lesion and 2 (40%) had structurally insignificant heart lesion. Grade 5 murmur was heard in only 3 (8%) babies, all of which were significant. Congenital heart diseases with grade 5 murmur were-1) Two OS ASD 4.5 mm and 3 mm, two muscular VSD 2 mm and 1.2 mm, 2) PDA 4 mm, PFO 2 mm with pulmonary hypertension and 3) OS ASD 7.2 mm with PDA of 3.5 mm.
Classification of structurally significant heart lesions (n=25) was done as follows: -2(8%) patients had cyanotic type of congenital heart disease-single ventricle 1 (4%) and tricuspid stenosis 1 (4%). Out of 23 (92%) acyanotic group 3 (12%) cases had VSD, 4 (16%) cases had ASD, 2 (8%) cases had PDA and 14 (56%) patients had complex form of congenital heart disease. Out of 14 complex acyanotic group 6 (24%) cases had ASD and PDA as combined lesion, 2 (8%) cases had VSD and ASD, 2 (8%) cases had VSD and PDA, 2 (8%) cases had endocardial cushion defect, 1 (4%) case had PDA, ASD and VSD, 1 (4%) case had VSD and pulmonary stenosis.
VSD as an isolated lesion was present in only 3 (12%) cases, but as a part of combined lesions with haemodynamic significance was present in 8 (32%) cases. VSD was contributing to 44% of significant lesions. Distribution of ASD was 4 (16%) isolated cases and 5 (20%) as a part of combined lesion. Distribution of PDA was 2 (8%) isolated cases and 5 (20%) as a part of combined lesion. Structurally significant heart lesions are independent of location of murmur. Structurally significant heart lesions are independent of grade of murmur. X-ray abnormality is not associated with structurally significant heart lesions. Abnormal ECG is not associated with structurally significant heart lesions. Family history of congenital heart disease was present in 2 (5%) cases among murmur cases. Consanguinity is also a predictor (p value= 0.008) of murmur on regression analysis.
Significant maternal history is associated with murmur in baby. In this study, 5 mothers have significant history; 3 mothers have history of epilepsy, none of these babies had murmur; 1 mother has history of pregnancy induced hypertension, baby was diagnosed as patent ductus arteriosus with secundum type of atrial septal defect; 1 mother has toxoplasma IgG positive, baby had murmur but echocardiography was normal.
24 (63%) out of 38 murmur cases were detected in babies less than 9 days. There is no association between age and presence of murmur. The mean age of presentation of murmur is 10 days; 6 babies were having patent ductus arteriosus (both more than 2 mm and less than 2 mm) in less than 9 days' age group. Three (7.8%) babies were having dysmorphic features. One of the baby had bilateral ear tags, other had microophthalmia and one had low set ears, depressed nasal bridge, low hairline. Baby with micro-ophthalmia was diagnosed as endocardial cushion defect on echocardiography and further workup confirmed as congenital rubella syndrome. Echocardiography of other two babies with dysmorphic features was normal, though they had murmur.
4 (16%) cases required urgent cardiac intervention among babies with structurally significant heart lesion. They include single ventricle (1), tricuspid stenosis (1) and endocardial cushion defect (2) .
DISCUSSION
Detection of a murmur on routine examination gives a clue to the presence of heart disease and offers the possibility of early presymptomatic diagnosis. Auscultation is, therefore, part of routine neonatal examination and is recommended in Health for All Children. (15) In this study, 38 (3.9%) newborns out of 977 newborns who underwent auscultation were found to have murmur. Characteristic of newborns having murmur and those not having murmur were studied. Out of 38 babies having murmur 17 (45%) were female and 21 (55%) were male. Distribution of male and female babies is similar in murmur cases. There is no association between sex and presence of murmur (p value-1, not significant).
The mean age of detecting murmur in this study is 10 days, it was 12 days in a study conducted by Mackie et al. (16) Out of 38 cases of murmur, 24 (63%) newborns were of age less than 9 days. This may be because routine examination of early neonatal age was done more frequently. The mean birth weight of babies having murmur was 2.579 kg, low birth weight (< 2.5 kg) (p= .006) was predictor of murmur in this study.
Prevalence of murmur in routine neonatal examination in our study was 3.9%. After echocardiography evaluation, out of 38 (3.9%) babies had murmur, 25 (66%) babies were having structurally significant heart lesion, 8 (21%) babies had structurally insignificant heart lesion, 5 (13%) babies had normal report. The prevalence of structurally significant heart disease in our study was 66%, which means if murmur was heard there was 66% cases who will have underlying cardiac malformation. In our study, prevalence of innocent murmurs was 1.3%.
Sean B Ainsworth (6) et al conducted a study, in which auscultation was done within 48 hours of delivery by house officers with exclusion criteria similar to our study, those with murmur underwent echocardiography within 24 hours. The prevalence of murmurs in routine neonatal examination was 0.6%. The prevalence of structurally significant heart disease in this study was 54%. In this study, 45% subjects had normal and structurally insignificant heart lesion as a group similar to our study.
A retrospective study carried out by Jill Gregory (17) et al of a cohort of 6 weeks old babies found 1% of babies having murmur on routine examination at this age and 50% of murmur cases having structurally significant heart lesions. Another retrospective study carried out by Christopher Wren (18) et al included outcome of congenital heart diseases on the basis of examination at neonatal and 6 weeks examination, 67% patients were asymptomatic at birth. Routine examination was suggestive of abnormal finding only in 45% asymptomatic patients at birth. At 6 weeks followup examination 65% were having abnormal examination, but only 50% of discharged patients came for followup at 6 weeks; 30% of asymptomatic babies died of undiagnosed congenital heart disease before 6 weeks of age.
In a study conducted in India by M Bansal (19) et al, murmurs were detected in 2.3% of newborns on routine examination of whom 45% had cardiac malformation, 29% had an insignificant structural heart lesion and 25% had completely normal echocardiogram. Similar study was done by Amer A Lardhi (20) in Saudi Arabia, in which routine examination was done within 24 hrs. of delivery with similar exclusion criteria of our study. Murmurs were detected in 1.37% babies. Echocardiography and Doppler study confirmed a cardiac malformation in 42.5%, 27% had an insignificant structural heart lesion, i.e. physiological variant that would account for a murmur such as (patent foramen ovale, small patent ductus arteriosus, mild peripheral pulmonary stenosis) and 22% had structurally normal hearts.
The reported prevalence of heart murmurs in neonates varies from 6% to 77.4%. (20) In our study prevalence of murmurs was 3.9%, which was on higher side as compared to other related studies done in various parts of the world. The reason for this may be in our study routine neonatal examination included newborns upto 3 days in case of normal delivery and 7 days in case of caesarean section deliveries. All the newborns upto 6 weeks who came for regular followup were also included in our study. In contrast studies mentioned earlier included newborns upto 2 -3 days after birth. The frequency of examination in our study was more as compared to other studies. Prevalence of structurally significant heart lesions among cases of murmur in our study is similar to related studies described above. It is an important outcome to know that some subjects having murmur had completely normal echocardiogram when evaluated. Prevalence of murmur in our study is comparable to Indian study conducted by M Bansal et al. (19) In our study among 38 cases of murmur 18 (48%) cases had pansystolic murmur, 17 (44%) cases had ejection systolic murmur and 3 (8%) cases had continuous murmur. In a study conducted by Duangmanee Laohaprasitiporn (21) et al 90% were ejection systolic murmur, 8% were pansystolic murmur and 2% were continuous murmur.
Distribution of murmur as per location in our study was as follows: 12 (32%) cases each; murmur was best heard at pulmonary area and upper left sternal border, in 10 (26%) cases murmur was best heard at left lower sternal border and in only 4 (10%) cases murmur was best heard at mitral area. Statistical analysis was suggestive of no correlation of location of murmur and structurally significant heart lesion. It means differentiation of pathological from innocent murmur is not possible on location of murmur in neonatal age group.
Grade 3 murmur (56%) was most commonly heard, murmur during routine neonatal clinical examination. Structurally significant heart lesions were independent of grade of murmur on statistical analysis. It emphasises that all murmurs should be carefully evaluated in neonates and all low-grade murmurs are not innocent murmurs. In a study conducted by Duangmanee Laohaprasitiporn (21) et al, 65% murmurs were less than grade 3.
Acyanotic congenital heart diseases form 92% of structurally significant heart lesion detected on routine auscultation in neonates. In our study, classification pointed out that combined lesions form major part in this group followed by isolated lesions.
In isolated lesions, 3 cases were of VSD and 4 cases were of ASD. Out of four only one ASD was 10 mm, remaining 3 were less than 8 mm. In more than 80% cases, ASD of 3 -8 mm close spontaneously. ASD as part of combined lesions were of less haemodynamic significance, because pressure gradient and shunt across atria was insignificant.
VSD as an isolated lesion was present in only 3 (12%) cases, but as a part of combined lesions with haemodynamic significance contributed to 8 (32%) cases. VSD was contributing to 44% of significant lesions. Isolated PDA was present in only 2 (8%) cases and was part of combined lesions in 5 (20%) cases; 2 (8%) patients had cyanotic type of congenital heart disease-single ventricle 1 (4%) and tricuspid stenosis 1 (4%).
In study conducted by D Laohaprasitiporn (21) et al in Thailand, three most common cardiac lesions were ventricular septal defect (18.4%), atrial septal defect (16.3%) and patent ductus arteriosus (16.3%). In study conducted by Wren AJ (18) et al, the most common lesions found were those creating left-to-right shunts (66%). Ventricular septal defect was the most common single lesion (37%) followed by patent ductus arteriosus (23%).
Prevalence of congenital heart disease in recent studies like Baltimore Washington study (22) is less than studies done previously by Mitchell et al, because recent studies have confirmed diagnosis on basis of echocardiography and catheterisation study. Pulmonary hypertension is part of diagnosis in 8 (20%) cases in our study, which may be over estimation because Doppler method gives higher pulmonary artery pressure values. (12) In 21% cases, x-ray was abnormal and suggestive of heart disease in babies who underwent evaluation of murmur. In our study, x-ray abnormality is not associated with structurally significant heart lesions. Electrocardiogram was abnormal only in 16% cases in babies who underwent evaluation of murmur. Abnormal ECG is also not associated with structurally significant heart lesions. In many related studies, they had similar results. In a study conducted by Duangmanee Laohaprasitiporn et al, (21) chest roentgenography and electrocardiography are used as initial tools in diagnosis of CHD. In the present study, the majority of CHD patients had normal results with normal chest roentgenogram in 79.6% and normal electrocardiogram in 75.5%. Andrew Mackie (16) et al conducted study to determine the clinical features that predict the presence of congenital heart disease (CHD) in this population. The addition of an electrocardiogram did not improve these test characteristics.
In this study, family history of congenital heart disease was present in 2 (5.2%) of newborns with murmur with significant association with presence of murmur. Risk of having congenital heart disease increases 3 -8 times with one parent or sibling is affected. When two first degree relatives are affected, risk may reach 30%. (1) A Settin (23) et al conducted study in patients of congenital heart disease with significant correlation of positive family history.
Consanguinity and presence of murmur was significant association; it was also a strong predictor of murmur in newborn in this study. In this study in 4 (10.5%) neonates with murmur, there was history of second degree consanguineous marriage of parents. Cause of most congenital heart defects is unknown. Most cases are multifactorial and result from combination of genetic and environmental factors. Specific chromosomal and gene defects are associated with congenital heart lesions in various syndromes. (2) Study done by Yunis K et al (24) concluded that consanguinity remained significantly associated with an increased risk of CHD: Infants born to first cousin marriages had a 1.8 times higher risk of having a CHD diagnosed at birth compared to those born to unrelated parents. Consanguinity was a significant risk factor for ventricular septal defect (VSD), atrial septal defect (ASD), hypoplastic left heart (HLH), and single ventricle (SV).
Significant maternal history is present in 2% to 4% of cases of congenital heart disease, e.g. maternal diabetes, congenital rubella syndrome, drugs (lithium, alcohol, warfarin, thalidomide, anticonvulsants). (1) In this study 2 (5%) newborns with murmur had significant maternal history, one case had pregnancy induced hypertension and maternal toxoplasma immunoglobulin G reactivity in other. The association between maternal history and murmur was statistically significant.
Cyanosis is a sign which needs urgent evaluation and were admitted in neonatal intensive care unit, such cases were excluded from this study. In our study 2 cases of cyanosis were detected after detection of murmur, which suggests that murmur can detect cyanotic congenital heart diseases in which cyanosis was subclinical and picked up on pulse oximeter. In our study, the cyanotic congenital heart diseases detected were single ventricle (4%) and tricuspid stenosis (4%) representing 8% of structurally significant heart disease among asymptomatic babies with murmur.
Majority of patients with congenital anomaly were seriously ill and were excluded from this study. In this study, 1 (2.6%) patient had unilateral cleft lip. Association between murmur and cleft lip was not statistically significant, but congenital anomaly like cleft lip was predictor of murmur. Dysmorphic features were present in 3 patients as 1. Ear tags, 2. Micro-ophthalmia and 3. Low set ears, Low hairline, Depressed nasal bridge. Patient with micro-ophthalmia turned out as congenital rubella syndrome. Dysmorphic features were significantly related to murmur in a baby. A. Settin (23) et al conducted a study related to this and concluded that presence of significant higher frequency of external dysmorphic features among studied cases with congenital heart disease than general population is probably indicative of the importance of these landmarks for early diagnosis of these cases.
In our study, 4 (16%) cases required urgent cardiac intervention. They include single ventricle, tricuspid stenosis, endocardial cushion defect. In study conducted by A Lardhi (20) et al, 5.4% of neonates required early cardiac intervention before they became symptomatic. In a study conducted by Sean B Ainsworth (6) et al, 9% of babies with murmurs required early cardiac surgery and were detected before they became symptomatic.
CONCLUSION
Unrecognised neonatal heart disease carries a serious risk of avoidable mortality, morbidity and handicap. Early detection of murmur and intervention is important to prevent worsening and complications in cases of congenital heart disease. However, the absence of murmur does not exclude the presence of potentially serious heart disease. Diagnosis of innocent murmurs is also important to exclude cardiac disease and reassurance of parents.
Finally, the take home message is in developing country like India it is not possible to screen every newborn for presence of heart disease at birth; hence, routine clinical assessment should be thoroughly and sincerely performed at birth and before discharge to pick up any murmur which could be suggestive of underlying heart disease. This will definitely help to curtail down the mortality and more importantly the morbidity associated with heart disease in children.
